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0 Catalyst for purifying exhaust gas and method ol purifying exhaust gas. 

@ A catalyst comprising an iridium supported on at least one carrier selected from the group consisting of 
metal caitfttes and metal nitrides for eliminating nitrogen oxides in exhaust gas in the presence of oxygen in 
excess of the stoichiometric quantity of oxidising components for reducing components. The catalyst la effective 
for eliminating NO* In exhaust gas from lean bum engines such as lean burn gasoline engines and diesol 
engfnes containing excess Qg corresponding to an A/F ratfo of 17 or over. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

s The present Invention relates to a catalyst for purifying exhaust gas torn Internal combustion engines 
and the like, and mere particularly to a catalyst suitable for eliminating nitrogen oxides exhausted from 
Internal combustion engines and the like. 

2. Description of the Prior Art 

Nitrogen oxides (NO*) exhausted from Interna) combustion engines and the like cause photochemical 
smog or acta rain and the removal of nitrogen oxides from the sources is an urgent problem 10 be solved* 

Conventionally, tor exhaust gas from large-scale stationary sources like thermal power plants and the 
like, a selective catalytic reduction method la used which adds ammonia to the exhaust gas and uses a 
i& "HOa-VaOs catalyst For erfiaust gas from gasoline engines of automobiles and the like, the three-way 
catalyst (TWO) method Is applied in which the air/fuel ratio is controlled near to the stoichiometric quantity 
(A/F = 14.6) and a PfrRh/AfeOa catalyst is used to eliminate NO* carbon monoxide (00), and hydrocar- 
bons (HC) simultaneously. 

On the other hand, recently, to prevent global, warming, it has become necessary to control the 
so emission of carbon dioxide (CQ$) and it is demanded to put lean burn gasoline engines to practical use, bur 
the three-way catalyst is not effective in treating the exhaust gas from lean burn gasoline engines. 

Although diesel engines are essentially of the loan bum system, the elimination of floated particulate 
substances and NO x present In the exhaust gas from dfesel engines is now an urgent problem to be solved. 

Hereinafter, the engines of the lean burn system lite these lean burn gasoline engines and dleeel 
engines are generally called lean bum engines. 

The exhaust gaa from lean burn engines contains oxidizing agents such as oxygen (O*) and NQ* in 
excess of" the stoichiometric quantity required for oxidation of reduoing components such as HO, CO, end 
hydrogen (H«), and particularly contains oxygen In such a large quantity that the afr/fue! ratio becomes 17 
or over. It has long been a problem to be solved that NO* in exhaust gas is selectively eliminated in the 
ao presence of this excess oxygen without adding a special reducing agent such as ammonia. 

Once, the use of iridium (Ir) catalysts supported on a porous inorganic oxide such ae alumina (AbOs) 
for riddrng exhaust gas having excess oxygen of NO* was suggested (Japanese Patent Publication (fcofcoku) 
Nos. 56*54173 (1881) and (19B2) and U.S. Patent No, 4,039,622 (1877)), However, in Examples tn 

the above-mentioned Japanese Patent Publications and U.S. Patent, the performance of catalysts is shown 
35 only under conditions wherein the concentration of c«ygen in exhaust gas is 3 % or Ie$9, i.e., the A/F renio 
is less than 17, wWch means the suggestions are unsatisfactory, in terms of selectivity and life, to the 
elimination of NO* from exhaust gas containing excess oxygen equivalent to the air/fuel ratio of 17 or over 
from lean bum engines. 

For the elimination of NO* from exhaust gas from lean bum engines, in recent years, for example, 
49 aJvminoBfifcates on which a transition metal such as copper (Cu) is supported by ion exchange (U.S. patent 
No, 4,297,32© and Japanese Pre-examlnatlon Patent Publication (kokai) No. 63-100819 (1868)), metal* 
loslllcates (Japanese Prs- examination Patent Publication (kokaj) Nos. 3-127823 (1981) and 3-223620 (idei), 
or sllicoaJuminophosphete catalysts (Japanese Pre-examination Patent Publication (kokai) No. 1-112468 
C1989) (hereinafter referred generally to as metaJtaiKcais catalysts) are reported to have certain degrees of 
4B selectivity. However, these catalysts are attended with such fatal defects that the effective temperature 
range in which NO* is eliminated is nerroxyly restricted and that the catalyst is deteriorated irreversibly 
with?n few hours under a high temperature of about 850 to 700° C due to the steam present in exhaust gas 
and the activity fs extremely lowered. 

so SUMMARY OF THE INVENTION 

The present invention has been made to solve the problems of the above conventional catalysts and an 
Object of the present invention Is to provide a catalyst tor purifying exhaust gas which Is high In activity and 
heat resistance, excellent in durability, and effective in eliminating NO* in exhaust gas containing oxygen in 
ss excess of the stoichiometric quantity, particularly exhaust gas from lean burn engines that contains excess 
oxygen equlvatent to the air/fuel ratio of 17 or over. 

The inventors have found that a catalyst comprising an Iridium supported oh at least one carrier 
selected from the group consisting of metal carbides and metal nitrides eolv© the above problems. 
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The present catalyst is applied to a treatment of exhaust containing NQ* HC, CO, etc. irom internal 
combustion engines and the like and i* particularly effective in eliminating NO* in exhaust gas containing 
O z in excess of 1he stoichiometric quantity Ibr reducing agents such as HC, CO. H Zf eta. 

Generally, exhaust gas from lean bum engines contains 2 to 8 % Of 0* and hundreds to thousands 
ppm of NO* as welt as hundreds to thousands ppm of HC and hundreds to thousands ppm of CO. Upon 
contact of the exhaust gas with the present catalyst, a high NO* elimination rate of 50 % or more is attained 
in a wide temperature ranee of from 250 *C to 650 e C or over of an exhaust gas at the inlet of the catalyst 
layer. 

B<hau$t ges from diesel engines generally contains as high as 5 to 15 % of Qe and although it is very 
difficult to cause one hundred to hundreds ppm of NOx to react with about tens to about on© hundred ppm 
of HC and hundreds ppm of CO selectively, If a system is adopted wherein hundreds to one thousand and 
hundreds ppm m terms of methane of an unbumed fuel is added to that exhaust system ana tnen the 
exhaust gas is brought in contact with the present catalyst, an NO* elimination rate of 50 % or more can be 
attained even for exhaust gas from dies©! engine?, 

Generally, the exhaust gas from lean bum engines contains water in a quantity of about 5 to 15% as an 
oxidized product of the fuel. The present catalyst functions stably up to about 800 to 850 °C for me lean 
bum engine exhaust gas containing water and is Improved in heat resistance considerably. 

As described above, since The present catalyst is effective In eliminating NOy present in the exhaust 
gas containing NO* HC. CO, etc., particularly the exhaust gaa from lean bum gasoline engines and diesel 
engines oontalnlng excess O* with an air/fuel ratio of 17 or over and has a high NO* elimination rate and a 
long-term stability, the exhaust gas purifying system using the present catalyst is highly effective. 

BRIEF OeSCaiftTlON OF THE DRAWINGS 

Fig. 1 is a graph showing (he dependencies of the NO elimination rates on aging of the catalyst of an 
Example of the present invention and the catalyst of a Comparative Beam pie in evaluation using a lean burn 
engine exhaust model gas when they were thermally aged at BOO • C in air containing steam. 

Fig, 2 Shows the results of the kinetic partitioning between the reaction of HC and NO and the reaction 
of HC and Oa after aging of the catalyst of an Example of the present Invention and the catalysis of 
Comparative Examples. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Carriers 

As a carrier of the present catalyst, at least one carrier selected from the group consisting of metal 
carbides and metal nitrides is used. The metal carbide includes, for example, silicon carbide, titanium 
carbide, boron carbide, vanadium carbide, and tantalum carbide and the metal nitride Includes, for example, 
titanium nitride, chromium nitride* and zirconium ntotde. which may be used singly or as a mixture of two or 
40 more. Among them, silicon carbide, titanium carbide, titanium nitride, and a mixture of two or more of theee 
are preferable. 

There ie no particular restriction on the form of the metal carbide and the metal nitride if It fa stable tn 
air containing eteam at at least 800 'C, preferably up to 1,000*0. As an inexpensive available one. for 
example, commercially available whiskers or powders having a particle diameter of about 0.1 to about 100 
45 nm can be used. 

Conventionally, it is an established theory in the art that, wfth respect to the Ir catalysis for purffying 
exhaust gas, those having a very small partide dimeter and supported on a porous metal oxide carrier with 
a high specific surface area in high degree of dispersion exhibit a high activity and a high selectivity for the 
NO x reduction reaction (e.g., K.C. Taylor and J.C. Schlatter, J. Catal., 6a (i) 53-71 (1980)). However, not 

so only the fact thai the carrier of the present catalyst 're not a metal oxide but a metal carbide or a metal 
nitride, but also the fact that carrier has a low specific surface area and U non-porous are the unique 
features that enable the present catalyst to have a high activity and a long life lor eliminating NOy In toon 
bum engine exhaust gases containing oxygen in a quantity greater than the stoichlometrfc quantity in the 
presence Of steam at high temperatures. 

66 That is, preferably the metal carbide and the metal nitride used as a carrier In the present invention has 
generally a BET specific surface area of 20 m*/g or less, more preferably 10 m 2 /g or less.and a pore 
volume of 0,5 cm s /g or less. 
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Active meters 

in the present catalyst, an lr is supported on the above carrieri There i3 no particular restriction on the 
state of the lr present on the carrier, but preferably the lr id In the state of the metal, or the state of an oxida 

s such as IrO, JfeOa, and IrOa, or the stale of a mixture of these, However , IrOa is not so preferable because tt 
is volatile. These lr*a are tfspersed and supported on the carrier with the crystallite diameter of the Ir'e 
being preferably 2 to 100 nm, more preferably 5 to 80 nm. If the crystallite diameter is too small, the 
selectivity Of the otfdation reaction of reducing agents, HC and CO, with Q* becomes too high, which is not 
preferable. On the Other hand, if the crystallite diameter is too large, the activity Is not so high for the 

ic supported amount 

. The amount lr to ba supported on the carrier is preferably 0.005 to 10.0 wt %. more preferably 0.1 
to 2.0 wt %. baaed oh fiie total amount of the lr and the carrier. If the amount of lr to be supported Is too 
smaJT, the activity of the catalyst Itself is too low, whereas If the amount is too large, the reaction between 
oxygen and reducing agents Is facilitated and the selectivity of reduction Of NO* is lowered. 

Preparation of the catalyst 

The method of the preparation nf the catalyst by supporting lr on the carrier is not particularly restricted 

and conventionally known mertods may be followsdi 
eo For example, for the preparation a carrier Is impregnated with an aqueous solution of a soluble salt of lr 

such as iridium trichloride (IrCb), chloroiridic acid (H?lrCk). sodium hexachlonrfridate (III) (NaslrCk), sodium 

hexaciiforoirfdate (IV) (htelrCk). potassium hexaehlorolrrdate ((It) (KslrGte), potassium hexBchbrgrridate (IV) 

(KslrCfe), iridium nitrate (Ir(NOj)O or iridium sulfate 0r(Sa*)2), and after drying, the obtained mixture is 

calcined for decomposition of the salt to prepare the (mended oatalyst. 
as Alternatively, for the preparation of the catalyst, a carrier is impregnated with a solution of an organic 

metal complex of lr such as lr 8 (CO)i2 in a solvent such aa hexane and ethano! and the impregnated product 

is calcined for decomposition of the salt to prepare the desired catalyst. 

In any case, the atmosphere in which (he decomposition of the lr compound as a catalyst precursor 

impregnated Into the carrier is earned out by calcination la suitably selected depending upon the kind of the 
90 precursor.and, for example the decomposition is carried out in air, in a vacuum, in a stream of an inert gas 

such as nitrogen or in a stream of hydrogen, Generally the calcination temperature Is preferably 300 to 

800 *C, more preferably 600 to QQO-C, and the time of calcination may generally be about 30 min to 10 

hours. 

The calcination may be carried out by using a combination of steps. For example, after calcination in 
35 air, the reduction may be carried out in a stream of hydrogen. 

Further, the thus prepared catalyst may be subjected to a stabilizing process by calcinating the 
prepared catalyst at 650 to 800 * C for 30 min to 5 hours under a stream containing 10 to 100 % of steam 
(the rest being air or nitrogart). 

By such a heat treatment, the Jr compound is converted to meta] lr or lr oxides having a crystallite 
<d diameter* of about 5 to 20 nm. 

The present catalyst may be used bycompacting or molding it into a shaped product wrtb a suitable 
definite shape such as the shape of pellets, spheres, rings, or a honeycomb optionally after mixing it with a 
suitable binder, or lr may be impregnated into a carrier which has previously been formed into a suitable 
shape so that the lr may be supported on the carrier. 
45 Further, the present catatyst may be used by costing (e-g., wash-coatmg) tt optionally using a suitable 
binder on the surface of a shaped refractory support substrate in the shape ot a honeycomb Of stainless 
steel or a coramic such as cordierfte and mullitc. In this case, the amount of the coating on the support 
substrate is preferably 20 to 200 g/liter, more preferably 60 to 120 g/liter of the volume ot the support 
substrate, and the amount of the supported lr is preferably in the range of O.oi to s,0 g/Ilter, more 
so preferably 0.1 to 1 .s g/liter, of the volume of the support substrate. 

Ae the binder, a conventional inorganic binder stioh as, for example, silica sol, alumina sol, and ttenia 
sol can be used. 

The wash coat of the catalyst powder on a refractory support substrate can be mode, for example, by 
adding water and silica sol to the catalyst powder, mixing them to form a thixotroplc slurry, dipping the 
« support substrate in the slurry, and drying and celcinaHng the wash-coated mass. 
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Usage 

The present catalyst can purify exhaust gas, particularly eliminate NO x in exhaust gas, by bringing Hie 

catalyst into contact with the exhaust gas. At that: time, there Is no particular restriction on the gas space 
s velocity, but the gas space velocity is prelerably In the range of 5,000 to 200.000 hr, more preferably 

10,000 to 150,000 hr. If the ga$ space velocity i$ too low, a large volume of the catalyst la required, white ff 

tte gas space velocity Is too high, the purification rate drops. 

By the present catalyst, NO x in erthaust gas is reducibly decomposed with reducing agerrte such ae HC 

present in trace quantities to Na and H E 0, and at the same time th* reducing agents such as HC are also 
70 oxidised to OOa and Ma O and are eliminated. It is presumed that since the active metal, Ir, Is interactively 

supported and stabilized on the surface o{ the carrier, the metd carbide or the metal nitride, tha selectivity 

of the reaction of reducing agents such as HC and CO with NO* in exhaust gas is improved, resulting in 

that NO x >n exhaust gas can be eliminated effectively. 

is EXAMPLES 

Now, the present invention Is described in mare detail with reference to the following Examples, 
Comparative Examples, and Performance Evaluation Examples. Howaver the present Invention is not 
restricted to the following Examples. 

20 

Example _1 

Preparation of an Ir-onrsilicon carbide Whisker catalyst 

& (a) Supporting of Ir on a powder carrier (method A> 

3.0 Titer of delonized water was placed in 8 Sorter beaker, then 100 g of silicon carbide (SiC) whisker 
(having a diemeiar of 0,3 to 06 Awn, a length of 5 to 15 urn, and a BET specific surface are* of 3 rr#g and 
manufactured by Tokai Carbon Co., Ltd.) was charged thereinto and was allowed to affiliate with the 

30 deronteed water. While the resulting slurry was stirred sufficiently. 100 ml Of a solution of delonized water 
containing cbioroirfdie acid (HztrCfe) (0.5 g in terms of Ir) was addad dropwiee. The obtained slurry was 
placed in a dish equipped with a steam jacket and was heated while stirring slowly to evaporate the 
deionized water to dryness After the obtained solid was dried at 10§°C, the solid was ground, and the 
resulting powder was placed in a porcelain tray and was calcined in a calcination furnace in an air 

$5 atmosphere at 750 • C for 1 hour- Thereafter, the powder was further heated undor an air stream containing 
10 % of steam at 800* C for 1 hour, and then after letting it stand under that stream to cool to 300 it 
was allowed to stand in dry air to cool to room temperature, thereby preparing Ir-on-silicon cerbide whisker 
powder. 

<t> (b) Wash-coating on a honeycomb 

2,0 g Of SO % silica sol and €0 ml of deTonteed water were added to so g of the catalyst powder 
obtained in (a) and the mixture was Kneaded In a ball mill for 16 hours, Then a core piece having a 
diameter of 2,54 cm and a length of 6.35 cm gouged out from a commercially available 400-cell cordierite 
honeycomb was immersed In the obtained slurry. After pulling up the core piece from the slurry, the excess 
slurry was removed from the core piece by blowing air. and after drying, the resulting mass was calcined at 
500 *C for 30 min. Thus, an ir-on-silicon carbide catalyst honeycomb (1) coated with ihe catalyst Jn an 
amount of 80 g In terms of dry weight per liter of the honeycomb was obtained. 

so example z 

Preparation of tr«on«metal carbide catalysts and en lr»on-metet nitride catalyst 

(ay and (b) of Example 1 were repeated, except thfrt, in piece of the carrier silicon carbide whisker, 
55 silicon carbide powder (Green #4000 manufactured by CARBORUNDUM), titanium carbide (TIC) powder 
(having a particle diameter of 0.8 to 1 fim and manufactured by MACRO Division, KENNAMETAL, INC.), 
and titanium nitride OIN) powder (having a particle diameter of 1.5 to 2 v,m manufactured by MACRO 
Division, kENNAMETAL INC.) were used, thereby preparing an Jr-on-silicon carbide catalyst (2), an Ir-on- 
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titanium carbide catalyst (3), and an Iron-titanium nitride catalyst (4). 
Example 3 

s Preparation of an fron-siUcon carbide catalyst (method B) 

(a) A wash coat of silicon carbid© powder 

(b) of Bomple 1 was repeated, except that, in place of the catalyst powder of (b) of Example 1 ; silicon 
70 carbide powder was used, thereby obtaining a honeycomb core piece coated with silicon carbid® In an 
amount of 8Q g in terms of dry weight per rrter.ot the honeycomb. . 

(b) Supporting of tr 

The honeycomb core piece coated With silicon carbide obtained tn (a) of Example 3 was immersed In 
1 00 mi of a solution containing chloroiridic arid in an amount of 027 g in terms of Ir hi deionlzed water and 
was kept in it for 3 min at room temperature, so that tfie honeycomb cone piece was impregnated with the Ir 
solution in the amount corresponding to the incfplent wettnoss of the honeycomb. The excess Ir solution - 
was removed by blowing air, and then after the honeycomb core piece was dried, it was kept in air at 
760 • C for 1 twwr, thereby obtaining an Iron-aJlicon carbide catalyst honeycomb (5)* 

Brample 4 

Preparation of an lr-on-si»con carbide catalyst (method C) 

The Ir-on-eatalyel honeycomb (5) obtained in Example 3 was held in a stream of hydrogen at 300' c for 
2 hours so that the lMn-caJa!yet honeycomb (5) might been subjected to reduction vyfth the hydrogen, 
thereby obtaining an ir-on-slllcon carbide catalyst honeycomb (8). 

Preparation of an IrorwiJicon carbide oatalyst 

(a) and (b) of Example 1 were repeated, except that the amount of ir to be supported on 1 00 g of silicon 
95 carbide whisker ftom the aqueous chloroiridic acid solution was changed from 0.5 g In (a) of Example 1 to 
0.125 g, 0.75 g, and 7.5 g, thereby preparing ifon-sHicon carbide catalyst honeycombs (7), (B), and (9) 
having catalyst coats in amount* of 0.1 garter, 0,8 g/lltar. and 1.2 g/ liter, respectively, in terms of. dry 
weight 

40 Comparative Example 1 

Preparation of an [r-on-7-alumina catalyst 

A T-alumlna-coated honeycomb was obtained In the same way as In (a) of Example 3* except that in ■ 
pJaoe of the silicon carbide powder carrier, ^-alumina powder (tradename: KHA 24 having a BET specific • ' • 
surface area of 160 mVg manufactured by Sumitomo Ghernlcal Co., Ltd.), and then the obiained y-elurninar 
coated honeycomb was impregnated with an Ir saft solution in the same way as !n (b) of Example 3 and 
then was calcined in air at 500' C for 4 hoofs, thereby obtaining an iron-raiumina catalyst honeycomb* 
(10). 

The above procedure was repeated, except that, In place of the ^alumina powder, as a carrier anataso 
titania powder (having a BET specific surface area of 75 m*/g marwfaotured by Bh8ne-Poulene) end Silica 
aiumina powder (having a bet specific surface area of 110 m 2 /g manufactured by Mizusawa Kagaku K.K.), 
thereby preparing an l^on-titania catalyst honeycomb (11) and an Ir-on-silica alumina catslyet honeycomb 
(12) respectively. 
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Comparative Bgffigjg g 

Preparation of an Ir-on-ZSM-S catalyst 

? H-type elumtnosilicate zeolite ZSM-5 powder (having an SiOa/AfeCfc ratio of 75 and a BET specific- 
surface area of 430 m*/g) was prepared in accordance with the method by LO, Rollman and e,w, Valyocsik 
(Inorg. Synthesis, 22 (108&), 87 to 38). 100 g of this ZSM-5 powder was added to 2,000 ml of a solution 
containing 0.038 M of an Ir eomplex tlrCi(NH$)s]Cl«> in deionlzed watar.to form a slurry, the Starry i»ae 
stirred for 16 hours at room temperature and then was filtered, was washed with deionized water, was dried. 

70 and was calcined in a!r at SOO • C for 30 min to obtain a ZSM-5 powder supporting 0.6 % If (Ion exchange 
rata: 22 % in terms of Ir**), and this ZSM-S powdar supporting 0.6 % it was coated on a honeycomb to 
prepare an Supported catalyst honeycomb (13). . 

Compara ti ve Example 3 

w 

Preparation of a popper jor^ exc hange ZSM-5 catalyst 

100 g of the ZSM-s powder used- In Comparative Example 2 was added to 3,000 ml of a solution 
containmg 0.03 M of copper acetate in deionized water to make a slurry, the slurry was stirred at room 
20 temperature for 16 hours, then filtered: washed, dried, and then calcined in air at 500 °C for 30 mln to 
obtain a ZSM-5 powder supporting 1.2 % of Cu Gon exchange ratio; 85 % in terms of Cu 3 *), and this 2SM- 
5 powder was coated on a honeycomb to obtain a Cu-an-zsiw-5 catalyst honeycomb (14). 

Comparative Example 4 
as ~ 

Preparation of a plaiinum-on-siifcon carb i de catalyst, a pslladium-on-siltcon carbide catalyst, and a Rtwrv- 
siKcon carbide catalyst 

Honeycombs coated with silicon carbide in an amount of 80 g/liter were obtained in a eimiter manner to 
so that in (a) of Example 3, and the honeycombs wore Impregnated w?th Pt, Pd r and Rh respectively In. a 
similar manner to tfiat In (b) of Example 3, but using 100 ml of an aqueous solution containing ohtoroplafinic 
acid In en amount Of 0.27 g in terms Of Pt in place of 0,27 g of \r of (b) of Example 3, 100. ml of an aqueous 
hydrochlcric acid solution containing palladium chloride in an amount of 0*27 9 in terms cf Pd in place Of 
0.27 g of Ir of (b) of Example 3. and 100 ml of an aqueous solution of rhodium chloride in an amount Of 
so 0.27 g in terms of Rh in ptace of 0.27 g of (r of (b) of Example S, and then the honeycombs were calcined 
In afr at 500' C for 4 hours to prepare a Pt*on*siliccn carbide catalyst (15), a Pd-on-eilicon carbide catalyst 
(18). and a Rh-on-sificon carbide catalyst (17), respectively. 

Comparative Example 5 

40 

Preparation of a Pt-Rh-on-alumlna catalyst (TWC) 

120 g of active alumina having a BET specific surface area of 150 m*/g and an average partide 
diameter of 30 urn was placed in a mixer and 30 ml of an aqueous amine solution of platinum hydroxide 

45 containing 2.0 g of platinum was added dropwiee little by little with stirring, so that the platinum hydroxide 
was dispersed and supported on the active alumina. Then after 15 ml of an aqueous solution of rhodium 
nitrate containing 0.41 g of rhodium was added thereto dropwise little by little to be- dispersed and 
supported, 10 ml of 25 % acetic acid was added dropwise Iritis by little, thereby preparing 1.7% Pt-0\34% 
Rrvon-afumina powder (Pt/Rh weight ratio = 5/1), TWs was treated similarly to (b) of Example 1 to obtain a 

sq Pt-Rh/AfeO* catalyst honeycomb (18). 

Performance Evaluation Example 1 

Evaluation of the purificati'nn performance and the durability by us ing a lean burn engine exhaust modeJ gas 
65 — . H_ 

With respect to the catalyst (1) of the Example 1 of the present invention and* the catalyst of (14) gf the 
Comparative Bcarople 3, aaoh having 400 cells end having a diameter of 2,54 cm and a length of 6.3S cm, 
fh* NO, *iir*;hAt;cn performance was investigated by supplying as a !a©rr burn engine exhaust mode! gas a 
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mixed gae made up of 500 ppm of NO (hereinafter the gas component concentration is shown by volume 
concentration unless otherwise stated), 1 ,500 ppm of propylene (CsHs), 1,000 ppm of CO, 10 % of HgO, 10 
% of CO*, S % of Q*f and the balance of n z (corresponding to A/F = 18) onto the honeycomb piece of 
each of the catalysts at a SV of 4o,00O/hr and elevating the gas temperature at the inlet for the catalyst 

6 layer from 200 9 C to 500 • C at a rate of temperature increase of 30 * C/min (mode A). The elimination rate of 
NO at 450 • C was 66% In the case of the catalyst (1) and 76% In the case of the c&taJyet (14). 

Then, after the catalysts were subjected to an aging treatment at 800 9 C for 5 hours under a stream of a 
gas mixture made up of 10 % of Ha O and 80 % of air, the performance was evaluated using the above 
mode A. The NO elimination rate at 450 1 C was 74% in itie case of the catalyst (1) and 12% in the case of 

70 the catalyst (14). 

The dependencies of the NO elimination rates of the catalysts (l>and (14) on aging are shown in Ffg. 1 , 
According to the results, it can be noticed that although the Cu Ion axchange 28M-5 catalyst (14) of the 
Comparative example exhibits a high activity in the " Initial stage, the activity Is quicfcfy lost by the aging 
under heating at 800 'C in the presence of steam, whereas the catalyst of a working example of the present 
16 invention does not lose the activity and the NO elimination rat© is Improved on the contrary. 

Table i shows NO elimination rates with respect to the catalysts (i) to (9) of the Examples of the 
present invention and the catalysts (10) to (18) of the Comparative Examples at a catalyst layer Inlet 
temperature oi 450 *C by the mode A after aging at 800* c for 5 hours under a stream of air containing 
10% of steam. According to Tabre 1, the following reeu!!s have been found. 
20 The catalysts (2) to (9) of the Examples besides the catalyst (1) also showed high NO elimination 
performances attar agfng. 

The lr catalysts (10) to (12) supported on porous metal oxides having high specific surface areas of the 
Comparative Example 1 which Is a prior art example and the Jr*on*2edite catalyst (13) of the Comparative 
Example 2 showed unsatisfactory performance of NO ftlimfnation rates, only about 18 to 38% 1 after aging at 
26 800 'C. 

The catalysts (15) to (17) of the Comparative Example 4 wherein the carter" is the same as that of th® 
catalyst of the present invention but the supported element Is a noble meta! other than lr ( that is. Ft, Pd, or 
Rh are very low in NO elimination rate. 

T*e prior Pt*Rh/A)aOa three-way catalyst shows little no elimination activfty under Jean burn condftfons 
SO wherefn the afr/fue) rstfo is high like the mode A. 
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■HO elimina tion performance of 

ga&alaati iafitgr agjjm at 80Q°C 

NO elimination 



Type of catalyst rate <$) after 

(Caealvst No.) at fiOO^C 

Example 1 It /Sic (l) 74 

Example 2 ' Ir/SiC (2) 72" 

Ir/TiC (3) 63 

Xr/TiN (4) 59 

»« Example 3 Ir/SiC (5) 70 

Example 4 Ir/SiC (6) 68 

Example 5 Ir/siC (7) 57 

Ir/SiC (8) 75 

30 Ir/SiC (9) 66 

Comparative Example 1 lr/y-Al 2 0 3 (10) 38 

Ir/l'iOs (11) 31 

Ir/Si0 2 -Al 2 0 3 (12) 26 

* Comparative Example 2 Xr/ZSM-5 (13) 18 

Comparative Example 3 Cu/2SM-5 (14) 12 

Comparative Example 4 Pt/SiC (15) 6 

Pd/SiC (16) 4 

30 Rh/SiC (17) 3 

Comparative Example 5 Pt-Eh/Al 2 O s (18) 8 



38 Note 1) Conditions oE evaluation of the lean burn engine 
exhaust model gas: 

Gas composition: NO 500 ppm 

C 3 B e 1,500 ppm 

CO 1/000 ppm 

40 H a O 10 % 

C0 2 10 4 

O a S % 

N a balance 

45 svi 40,000/hr 

Note 2) Aging conditions! under a stream o£ air containing 
10% of HjO and the balance of air at 800°C for S 

hours 

60 

Performanoo Evaluation Example Z 

The kinetic partitioning between the reaction of NO and HC and the reaction of 0 2 and HC 

with reference to the catalyst (1) of example 1 of the present invention, the catalyst (10) of 
Comparative Example 1, and the eatalyst (14) of Comparative Example 3. the kinetic partitioning between 
the reaction of HC and NO and the reaction of HC and Os after aging for 8 hoore in air contaWng 10 % or 
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steam was evaluated at? exhaust mode! gas having a composition consisting of soo ppm of NO, 3 % of Oz, 

0 to 3,000 ppm Of propylene, and the balance of N, (corresponding to an A/F of 17) waa supplied to the 

honeycomb catalyst layer having a diameter of 2.54 cm and a length oT e\35 cm of each of the catalysts. 

The concentration of the propylene in the supplied gas was Increased stepwise from 0 to 3.000 ppm, and 
s the conversions of NO and Qz at the steady state in each step were measured The resute are shown in 

Frg. 2. In Fig. 2, the conversion rat© of Oa is shown en the abscissa axis and the elimination rata of NO is 

shown on the ordinate axis. 

According to the results shown In Ffg. & the curve obtained by plotting the performance of the caWyet 

of the present Invention lies far above the diagonal line and it can be understood that the selectivity of the 
io reaction of MC and NO Is remarkably high in comparison of that of the catalyst of Comparative Example 1 

whose curve of the performance lies below the diagonal line and that of the catalyst of Comparative 

Example 3 whose curve is almost parallel to the abscissa axis. 

Claims 

76 

1. A catalyst for purifying exhaust gas, comprising an iridium supported on one carrier selected from the 
group consisting of metal carbides and metal nitrides. 

2. A catalyst as claimed in daim 1. wherein said carrier comprising at least one member selected from 
zo the group consisting of silicon carbide, titanium carbide, boron carbide, vanadium carbide* tantalum 

carbide, titanium nftride, chromium nitride, end zirconium nitride. 

8. A catalyst as claimed in cfaim 2, wherein said carrier comprises at least one member selected from the 
group consisting of silicon carbide, titanium carbide, and titanium nitride, 

as 

4. A catalyst as claimed in claim 1. wherein said carrier )s in me form of whisker or powder having a 
particle diameter of about 0.1 to about 100 nm- 

6. A catalyst as claimed in claim 1, wherein said carrier has a BET specific surface area of 20 rrf/g or 
so less and a pore volume of 0.5 cnWg or less. 

e. A catalyst as claimed in claim 1, wherein sard itfdium £ in the state of the metal or an oxide selected 
from the group consisting of irO, IraOa, end irq*. 

as 7, A catalyst as daimed in claim 1 , wherein said iridium has a crystallite diameter of 2 to 1 00 nm. 

8, A catalyst as claimed In claim 7, wherein said iridium has a crystallite diameter of 5 to 20 nm. 

9- A catalyst as claimed fn Claim 1, Wherein the supported amount of said iridium is 0.005 to 10.0 % by 
40 weight based on the total amount of the iridium and the carrier. 

10, A catalyst ae claimed in claim 1, wherein said catalyst is in the form of a shaped product or is coated 
on a refractory support substrate. 

46 !1» A method of purifying exhaust gas having an air/iueJ ratio of 17 or over, comprising the step ot bringing 
the catalyst as claimed in claim 1 into contact with said exhaust gas. 

12. A method as daimed in claim 11. wherein said exhaust gas is an exhaust gas from lean burn gasoline 
engines or diesel engines. 

so 

13. A method as Claimed in daim 11, wherein the; gas space velocity of the exhaust gas is 5,000 to 
200,000/hr. 
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Fig. 2 
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Catalist (1) of Example 1 
(After aging) 




\ Catalist (10) of Comparative Example 2 
(After aging) 

Catalist (H) of Comparative Example 3 
(After aging) 
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